Abstract. "Alpalhão granite", also called SPI, is used as a high quality ornamental stone for interior and exterior applications. It is fine grained and equigranular, and has disseminated feldspar phenocrysts showing a homogeneous bluish grey colour. The SPI was mapped and scanlines (14) and drill cores (4) were carried out for lithofacies and joints characterization, besides petrographical study.
Introduction
The "Alpalhão granite", also named SPI, is as an ornamental stone with remarkable characteristics such as textural uniformity and fine grain size, which make it relatively uncommon in the context of Portuguese ornamental stones. Apart from providing an aesthetically pleasing product, it satisfies high quality standards in terms of quality, namely durability and strength, allowing exterior and interior applications. This granite was exploited for many years in the Nisa area (Portalegre). It has been currently exploited in Fonte dos Bagos and Tapada Azul quarries. The latter quarry is labouring since 1974 and is one of the largest Portuguese ornamental granite quarries. The granite SPI is traded in Portuguese and international markets to be used as a natural building stone and for monuments and tombstone industry, particularly in Japan. The granite SPI occurs in 5 outcropping areas (2.71km 2 ), which have been mapped and characterized before [1] . This study focuses on the 3 most promising outcropping areas, Carvalhal, Ribeira de Sor and Pinheiral, which totalize 2.09km 2 , remaining the 2 other areas for a later research work.
The outcrops are small and sparse, rounded in shape, usually with a thin weathered surface layer. Apart from the Pinheiral area, which is mostly occupied by the Tapada Azul quarry, subsurface information is limited or inexistent, due to the absence of observation sites (e.g. quarries). Considering that the available information is limited to near surface in most of the area, the main goal of the present study is to contribute for the assessment of the granite SPI as an ornamental stone in the 3 areas, making use of core drilling, regarding an evaluation of its resources.
and Aldeia da Mata granites [5, 6] , which clearly contrast with the host granite, forming a discontinuous alignment with the same arcuate shape as the NEC [1] (Fig. 1 ). In the study area there are the fine-grained biotite granodiorite to monzogranite, which is the granite SPI and the mediumto fine-grained muscovite>biotite syenogranite called the "Gáfete granite". Main regional fracture systems observed are NNE-SSW to NNW-SSE.
The NEC has been suggested to be a post-tectonic (post-D3) intrusion [7] . Based on tectonic studies, Pereira et al. [8] suggested that the complex was emplaced by a pull-apart mechanism related to the late Variscan regional deformation (late-D3). According to recent age measurements [4] , the Nisa Granite (main monzogranitic phase) was emplaced between 309.0±4.6Ma and 307.4±4.0Ma and core granitoids age is concomitant with the Aldeia da Mata granite (tonalite), that intruded the partially crystallized host monzogranite at 306.2±3.0Ma. Fig. 1 . A. Distribution of magmatic intrusive rocks in Portugal and study area. B. Geological setting of the granite SPI outcrops in the NEC (B modified from [4] ) with a rectangle representing the study area.
Methodology
In order to select the favourable areas of rock occurrence for ornamental stone and possible quarry installation, the method applied, first comprised aerial photograph interpretation (scale 1:15,000) to recognize granite outcrops, altered zones, fracturing patterns, distinct zones and fracturing intensity. Afterwards, geological mapping of granitic facies (1:10,000) was carried out (Fig. 2) . Regarding a better zoning of suitable sites for rock exploitation, the study encompassed lithological and fracturing characterization complemented with 4 vertical core drills. Lithological description encompassed the granite's macroscopic, microscopic-petrographical study and identification of flaws susceptible to decrease the ornamental granite's potential (such as, mafic enclaves, layering and schlieren, filonean intrusions, grain gradations and crystals size heterogeneity, rare spots of sulphides); fracturing study methodology is described below; drill holes (49 mm in diameter) were placed on selected sites of the 3 cropping areas for identification of compositional heterogeneities and discontinuities (sub-horizontal fracturing, particularly, and veins) in depth, besides crossing with surface data: SFB1 (32.80m) -Ribeira de Sor, SMA1 (30.05m) -Pinheiral, SCA1 (47.85m) and SCA2 (26.60m) -Carvalhal. not feasible to apply. Thirteen scanlines were performed on quarries and selected granite outcrops (Fig. 2) in which the following parameters were registered: type of fracture, orientation and kinematic indicators (e.g. slickensides), distance to the origin of the scanline (to obtain fracture spacing), persistence, roughness, aperture and fill.
Values of spacing between fractures were grouped in class intervals [10, 11] . The scanlines orientation effect in the estimate of the spacing between consecutive sub parallel joints is corrected based on a trigonometric ratio [12] . The other parameters classification was according to [10] suggested values. Analysis of the joint spacing concerning the main joint systems in scanlines consisted in checking the minimum and maximum values and to calculate the arithmetic mean and median. For assessment of joint spacing data dispersion the standard deviation and the coefficient of variation were used to compare the dispersion between different scanlines. Sub-horizontal fracturing on scanlines was not considered for statistical analysis due to the difficulty in obtaining this data. For the interpretation and definition of potential areas for exploitation, sub-horizontal fracturing was taken into account, whenever feasible (quarries). Related to the joint spacing assessment, two indexes were used: volumetric joint count (Jv) [10, 13, 14] and average frequency of fracturing (Ff).
Data were mostly obtained at the rock surface, yet the patterns of surface fracturing are indicative of their trends in depth. Fig. 2 . Geological map of the "Alpalhão granite" (Gáfete granite limits from [1] ). From west to east: Ribeira de Sor (RS), Pinheiral (P) and Carvalhal (C) areas, with respective drill sites (SFB1, SMA1, SCA1 and SCA2).
Petrographic Characterization
The "Alpalhão granite" is fine-grained, equigranular, biotite rich rock and presents a homogeneous bluish grey colour, showing no deformation (Fig. 3) . The rock texture presents small variations. The presence of disseminated feldspar phenocrysts is a characteristic textural feature. Heterogeneities at the outcrop and quarry scale are reflected primarily in grain size, which may condition the granite's use as ornamental rock [15] . To characterize textural changes in this granite it was carried out systematic sampling of data concerning the size of the phenocrysts, in order to identify possible variations in their dimensions. This study was conducted in preferably planar unaltered surfaces. After recognition of the granite texture in the measuring point area, the procedure consisted in signalling four "windows" 20x20cm for each point, in which was measured the length and width of the phenocrysts: those which stood out of the matrix (empirically, larger than 4mm in length) were
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Global Stone Congress signalled. The average dimensions of phenocrysts are rather similar in all points measured, but there is a weak relationship between the crystals' size and the short distance to the Alpalhão and Gáfete granites contact zone, where crystals are more developed. Regarding the number of phenocrysts per unit area along the three outcrops of granite SPI, there are no significant differences and the average number of outlier phenocrysts per dm 2 equals 3.8 in total set of points, with a minimum value of 1.4 and 6.0 maximum. The main conclusion is that with respect to phenocrysts occurrence, the "Alpalhão granite" is equally homogeneous. Petrographically the "Alpalhão granite" has an hypidiomorphic texture, consisting of plagioclase (≈35%), quartz (≈30%), alkali-feldspar, mostly microcline (≈20%) biotite (≈7%), chlorite (≈30%) and muscovite (≈30%) (Fig. 4) , corresponding to a granodioric composition. Accessory minerals such as ilmenite and zircon occur, mostly in the biotite crystals. The plagioclase (albitic composition) is strongly zoned, showing more calcic nuclei (oligoclase), evidencing kaolinitization and sericitization; quartz is hyaline, xenomorphic or idiomorphic, corroding other minerals and showing biotite, plagioclase and muscovite inclusions; biotite is often cloritized and present along cleavages (Fig. 4.C,D) . Minor amounts of biotite (7%) and muscovite (1%) favour the ability of the stone to accept polishing; stripes of mica, which constitute zones of weakness, seldom occur. Microfractures are usually absent.
Fracturing Characterization
The systematic joints, i.e., those that form cluster sets are the ones that have more influence in shaping the natural block [16] . These fractures are illustrated in a stereogram (Fig. 5) . The most frequent fracture sets show strikes NE-SW, with mostly sub-vertical dips (tending to NW). Other joint systems found run E-W and NW-SE. The first is sub-vertical, preferably dipping towards N, while the second has high dips and does not show a clear trend. The NW-SE set is approximately orthogonal to the N40º-60ºE set, which is a favourable circumstance for extracting blocks.
The persistence of joints is medium to high, but the interpretation of these data is slightly subjective, always depending on the existence of fractures' exposure. Roughness of discontinuities surface is more often planar, or undulating, preferably smooth in both cases. The joints' aperture exhibits mainly "closed" features: partly open to very tight. The latter joints are frequent and determine the block size, because due to decompression resulting from the massif dismantling, joints can open and render unfeasible obtaining blocks of commercial size. The sub-horizontal fracturing usually renders higher apertures, particularly in the upper granite "layers" (>1cm), but decreases rapidly in depth. Most of the joints have no filling. Precipitation of salts occurs sporadically, resulting from water circulation. More often in Carvalhal area, incidence of thin quartz veins (1-3mm) causes weakness surfaces, where the rock preferably breaks apart; random joints are also frequent in this area diminishing the stone's ornamental potential.
Near surface, up to 5m an average, the sub-horizontal joints have average spacing generally <1m. This value tends to increase irregularly below this depth and when spacing is adequate, subhorizontal joints may ease the splitting of blocks from the quarry layers. Frequently, these joints limit chemically weathered rock "layers" from good granite.
In most cases, the statistical distributions of joint spacing are asymmetric, thus, the interpretation of data must always be made with reservations. Table 1 shows data on the spacing (non subhorizontal joint sets) and descriptive statistics obtained by the scanlines method. In most of the scanlines 3 systematic joint sets are observed.
The set of orientation 35-55º exhibits the higher average spacing (moderate to high) and it is one of the sets with the highest minimum average spacing. This is the prevailing fracture trend observed (Fig. 5) corroborating the photo-interpretation (Fig. 2 ). Joint spacing in set 100-120° is usually >1m, showing little dispersion (low CV relatively to other sets). Both sets 50-70° and 80-100° display average joint spacing near 1m with moderate dispersion. In general, dips are mostly sub-vertical. The less frequent sets are those trending approximately N-S. The interpretation of joint spacing and descriptive statistics allow concluding the frequent occurrence of sets with moderate to close spaced joint clusters, nevertheless allowing wider spacing, which can reach extremely wide spacing. This pattern is very compatible with blocks extraction.
The observation of the volumetric joint count (Jv) (Fig. 6) Several aplite-pegmatite veins (1 to 25cm thick) crosscut the "Alpalhão granite", with predominant ENE-WSW direction and showing high persistence. Depending on their frequency and despite representing flaws, the veins morphology frequently allows extraction of blocks. 
Depth Characterization
All the four drill cores intercepted lithofacies of the "Alpalhão granite" in their total length with minor textural and chromatic changes (Fig. 7) .
Despite the extent of the Carvalhal area (1.41km 2 ), the frequent detritic cover (W zone), high fracturing intensity and flaws, it is difficult to select drilling sites. The SCA1 drill site on the E zone was selected due to the observed low surface degree of fracturing, and rock homogeneity (scanline 17), aiming to fulfil the absence of depth information (quarries or trenches) in the surrounding area. The core evidences flaws in the granite (joint clusters, colour changes), but from approximately 11.5m to 40m depth, the rock is texturally and chromatically homogeneous, with wide to extremely wide sub-horizontal joint spacing (up to 13m); between 27-29.5m a darker granite is limited by intense sub-horizontal fractures; From 40m depth, to the core bottom, fracturing increases and granite presents darker colour. Ff value in the total core extent is 1.7 and average spacing of subhorizontal joints is 1.4m.
The location of the SCA2 core drill hole in the central outcrop area was based on available data (inactive quarries, prospecting trenches and, 7 drill cores reaching depths between 60 and 87m, carried out in July/September 1999). Weak weathering reaches down to about 2.5m below the surface; at greater depth, the core exhibits unaltered granite, with relatively homogeneous colour, but intensely fractured down to the core bottom (20.6m). Ff value is 5.1.
The drill core SMA1 in the centre of Pinheiral outcrop was performed on the bottom quarry layer (72m depth), considering the outcrop and quarry features. Three drill cores conducted previously (2004) , in the quarry borders show the relative homogeneity of granite in depth: homogeneous facies SPI frequently reaches more than 4m in the cores, with occasional minor grain size variations; enclaves and quartz or aplitic veins (generally 0.1 to <5cm) are uncommon. It was also observed that on the drill cores performed at S and W, coarse-grained granite (slightly finer than the Nisa Granite) occurs bellow 18m and 17m depth, (for 2.5 m extent down the cores' bottom), respectively. The drill core SMA1 showed that: the coarse-grained granite occurring bellow ~17m, at S and W does not occur up to 105m depth, at least; flaws are rare, the grain size and colour of the granite are homogeneous, except in two sections (5m the deepest), where the grain is slightly finer and light coloured; stone is good being evident the decrease in fracturing with increasing depth (occasionally, joint spacing >8m). Average spacing of sub-horizontal joints is 4.9m.
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Global Stone Congress The drill core SFB1 displays a fine-grained granite. Changes in grain size, structure and contacts between minerals along the core are reflected in darker dioritic (usually finer-grained) or texturally more heterogeneous facies; these result mainly from the distribution and orientation of biotite. Fracturing registered along the drill core is mostly sub-horizontal and intense, occurring frequent
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Global Stone Congress sections with joint spacing <0.5m, along all core length, which are less frequent at the core bottom. Ff value is 1.8, however, sections with joint spacing >2m, occur between 11m and 24m depth. The granite in the vicinity of SFB1 is slightly coarser-grained (as also noticed at surface in nearby outcrops) than the granite in the eastern border of the Ribeira de Sor outcrop as seen in the Fonte dos Bagos quarry surrounding area. According to these observations, two granitic facies were mapped (Fig. 2) , showing a gradual contact. Apart from fracturing, the most common flaws found in the granite drill cores are: chromatic and textural changes, the presence of feldspar phenocrysts, and rare occurrence of sulphide impregnations, which due to chemical alteration cause brown ferruginous spots.
Ornamental stone resources were estimated based on an exploitation depth of 70m (similar to the present depth of Tapada Azul quarry) in the Ribeira de Sor eastern potential area (resources were not estimated in the western area due to the mentioned heterogeneities); for resources estimation in the Pinheiral outcrop, it was assumed 25m thick of ornamental stone in the potential area. For all areas it was set an exploitation rate of 15% ornamental stone blocks, according to the average rates obtained in the active quarries. The resources in ornamental stone for the Carvalhal area were not estimated due to its low potential and difficulty in defining a credible criterion.
Conclusions
The assessment of the granite SPI potential as an ornamental stone for block exploitation enabled to write some conclusions:
The Carvalhal area is the most difficult to evaluate the granite's ornamental potential, because the assessment of the area is limited. Common flaws are: random joints, enclaves (3-15cm), aplitic veins (<5cm thick), biotitic schlieren and grain size heterogeneity. In general, joint spacing, is very close (<50cm), but the area surrounding scanlines 14, 15, 17 and drill core SCA1 show partly favourable spacing indicators. Apart from this area, the surface and depth indicators suggest that the granite has generally no ornamental potential, due to intense fracturing and frequent flaws.
The granite from Pinheiral area displays the finer and homogeneous grain, less frequent heterogeneities and larger joint spacing. The existence of over 25m of ornamental quality granite from the bottom level of the quarry, ensure estimated resources of 368.800m 3 , despite the small area and the rock exploited until present.
The Ribeira de Sor area presents two zones with different potential. Surface indicators on fracturing are favourable (scanlines 2, 3, 16) with average wide to very wide spacing and Jv suggests potentiality for commercial blocks extraction, more limited in the eastern area. In this zone the granite is very similar to the Pinheiral granite, in texture and colour, but more fractured; resources are estimated in 810200m 3 . Towards the west, a N-S gradual transition to a lithofacies coarser-grained granite which contains more mafic minerals, that turn the rock colour darker. Fracturing and chromatic changes observed in the drill core and in ground surface, point to a limited potential for block extraction in the western area.
Globally, from the view point of blocks exploitation, the resources of the granite SPI are expected to be relatively low, despite the uncertainties on the potential of the Carvalhal area. Presently, whenever fracturing pattern does not allow ornamental stone blocks exploitation, granite is used for manufacture of small cubes which are used for urban pavement. Recommended uses for granite in these fracturing conditions are the exploitation of small blocks and aggregates, considering its texture and physical-mechanical properties [17] , two of which are, high compression breaking load (2534kg/cm 2 ) and low water absorption (0.29%), which satisfy the requirements for high quality aggregates. Such is the case of part of Carvalhal and Ribeira de Sor areas.
